A rapid microprocedure for isolating detergent (sodium N-lauroyl sarcosinate)-insoluble major outer membrane proteins from Haemophilus species produced results qualitatively identical to those obtained with a commonly used preparative isolation procedure. Proteins isolated by both procedures were compared by sodium dodecyl sulfate-polyacrylamide gel electrophoresis after staining with Coomassie brilliant blue R-250. The time for outer membrane protein isolation was substantially reduced with the rapid procedure, allowing a larger number of membrane preparations to be obtained rapidly for routine analysis.
Membrane proteins are important determinants of pathogenicity in many bacteria. Haemophilus species can be subtyped (2, 3, 12, 18) and often differentiated (4) on the basis of these proteins. In general, gram-negative bacterial outer membrane proteins are isolated by preparative techniques (9-11, 13, 22, 24) , some of which require an initial enrichment step that exploits a selective solubility of cytoplasmic membrane proteins in a particular detergent (1, 5-7, 21, 22) . The conditionally insoluble membranes contain integral and likely some peripheral proteins which are released by relatively small changes in pH or ionic strength and are referred to as outer membrane proteins and, more appropriately, detergent-insoluble membrane proteins (6, 15) . Phenotypic and epidemiologic information can be obtained by comparing the protein profiles of these sodium dodecyl sulfate (SDS)-solubilizable membranes (6, 8) after SDS-polyacrylamide gel electrophoresis (PAGE) and staining (2, 4, 12, 14, 15, 18, 23) .
We compared the membrane protein profiles of three species of Haemophilus obtained by a rapid microprocedure (rapid outer membrane protein [ROMP] procedure) with profiles obtained by a commonly used preparative isolation procedure (4) stationary phase. A chocolate agar plate was streaked from each culture and incubated as described above to check for purity. The optical density of each culture was measured and adjusted to between 0.5 and 0.6 at 600 nm by dilution with sterile supplemented brain heart infusion broth. A 10-ml sample of the adjusted bacterial suspension was centrifuged at 5,000 x g for 10 min at 4°C. The supernatant fluid was decanted, the pellet was suspended in 1.5 ml of cold (4°C) 10 mM HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid) buffer (pH 7.4), and the cell suspension was transferred to a 1.5-ml centrifuge tube. The cells were then washed once by centrifugation at 15,600 x g for 2 min at 4°C in a microcentrifuge (Brinkmann Instruments, Inc., Westbury, N.Y.), and the supernatant fluid was decanted. The cell pellets were used immediately or stored at -70°C.
Preparative outer membrane protein and SDS-PAGE. The procedures for detergent-insoluble membrane protein preparation (outer membrane proteins), SDS-PAGE (4), and gel analysis (19) (20) . Cell pellets were suspended in 1 ml of 10 mM HEPES buffer (pH 7.4) and, while kept on ice, sonicated (six bursts, 10 s each at 40 W) with a Sonifier cell disruptor (Heat Systems Co., Melville, N.Y.) fitted with a microtip. The unbroken cells and debris were removed by centrifugation at 15,600 x g for 2 min at 4°C. The supernatant fluid was transferred to a 1.5-ml centrifuge tube, and the cell membranes were sedimented from the supernatant fluid by centrifugation at 15,600 x g for 30 min at 4°C in a microcentrifuge (Brinkmann). The supernatant fluid was decanted, and the cell membrane pellets were thoroughly suspended in 0.2 ml of 10 mM HEPES buffer (pH 7.4) by repeated pipetting. The cytoplasmic membranes were solubilized by addition of an equal volume of 2% Sarkosyl in 10 mM HEPES (pH 7.4) and incubated at room temperature for 30 min with intermittent mixing. The outer membranes were then pelleted by centrifugation as described above; the supernatant fluid was decanted, and the membranes were washed once (without resuspending the pellet) with 0.5 ml of 10 mM HEPES buffer. The membrane pellets were then suspended in 50 to 100 ,ul of 10 mM HEPES buffer. The ROMP procedure routinely yielded preparations containing 2 to 4 mg of protein per ml. The membrane suspensions were diluted in distilled water to contain 50 ,ug of protein in 25 ,ul. After an equal volume of solubilization buffer was added (20% glycerol, 10% 2-mercaptoethanol, 4% SDS in 0.125 M Tris [pH 6.8] and 10 ,ul of 0.05% bromphenol blue per ml of buffer), the suspensions were heated to 100°C for 5 min and loaded onto an SDS-polyacrylamide gel. The remainder of the membrane preparation was stored at -700C.
Protein determination. The concentration of protein in the membrane preparation was determined by the method of Markwell et al. (16) with bovine serum albumin as the standard.
RESULTS AND DISCUSSION A comparison of a commonly used preparative procedure for outer membrane protein isolation with the ROMP procedure for three species of Haemophilus yielded qualitatively identical protein profiles on Coomassie blue-stained SDSpolyacrylamide gels (Fig. 1) . Outer membranes were isolated at least five times by each procedure from the three Haemophilus species to determine protein band variability; Fig. 1 is a representative gel pattern. There were quantitative differences in the amounts of protein detected in some of the minor bands, although the same bands were observed by either isolation procedure. Similar variability was also observed with strains of Escherichia coli when screening for plasmid-encoded outer membrane proteins (data not shown).
The commonly used preparative procedures for outer membrane protein isolation are somewhat cumbersome since they are time consuming and require relatively large amounts of cells and expensive equipment (an ultracentrifuge) (2, 4, 5, 15) . The ROMP procedure required approximately 2 h to complete; the other procedure we used (4) required, on average, five times as long to prepare an equivalent number of preparations. For most replicate analyses there is no need to isolate preparative amounts of membrane protein since the anionic dye Coomassie brilliant blue R-250, the most commonly used protein stain, can detect as little as 0.5 ,ug of protein in a sharp band (8) resolved by SDS-PAGE, and silver staining is approximately 100 times more sensitive (17) . The ROMP procedure allows large numbers of membrane preparations to be obtained rapidly for routine outer membrane protein analysis without requiring large amounts of cells or an expensive ultracentrifuge. This allows outer membrane protein analysis to be used, when appropriate, in the diagnostic laboratory as an adjunct to epidemiologic investigations.
